The inhibiting effect of phosphates and polyphosphates on the precipitation rate of calcium sulfate dihydrate (gypsum) in sodium chloride solutions has been studied using constant composition technique in which the super-saturation and ionic strength were maintained constant at 25 o C. The presence of phosphoric acid H 3 PO 4 , orthophosphate NaH 2 PO 4 , metaphosphate Na 2 HPO 4 ,pyrophosphate PYP and hexametaphosphate HMP, even at relatively low concentration 10 -6 M, markedly reduced the rates of precipitation. The action of additives can be interpreted in terms of adsorption, following the Langmuir isotherm, of additives at the active crystal growth sites. Dependence of the degree of inhibition with the change in driving force has been observed. The order of the degree of inhibition on the rate of precipitation of gypsum for various additives studied is as follows : H 3 PO 4 > NaH 2 PO 4 > Na 2 HPO 4 > HMP > PYP.
Introduction
More recently several studies have been made on the precipitation of the alkaline earth metal sulfate [1] [2] [3] [4] [5] [6] [7] . The crystallization of calcium sulfate has received considerable attention due to its application in many industrial fields as well as their involvement in a number of environmental processes. The factors that govern the mechanism of precipitation and dissolution of these sulfate salts are therefore of considerable interest, especially the influence of foreign additives which may exert a marked effect on the rates of crystallization and dissolution. For, instance, inhibition of the crystallization process may be required to prevent scale formation in pipes, boilers, heat exchangers, reactors, reverse osmosis membrane surfaces, cooling water systems secondary oil and gas recovery utilizing water flooding techniques and desalination evaporators [8] [9] [10] [11] .
Liu and Nancollas [12] studied the crystallization kinetics of calcium sulfate dihydrate in the presence of ENTMP (ethylene diaminotetra methylenephosphonic acid) and TENTMP (triethylene diamine tetra methylenephosphonic acid) which markedly retarded the rate of crystallization. Recently, the precipitation of gypsum scale on heat exchanger surfaces from aqueous solutions in the presence of a variety of polymeric inhibitors have been examined as scale inhibitors. Amjad [9] found that the scale formation of gypsum on heat exchanger surfaces is strongly affected by polymer concentration, functional group and molecular weight. He et al. [13] indicating that the nucleation of calcium sulfate in sodium chloride solutions was inhibited by the addition of HDTMP hexamethylenediaminetetra (methylene phosphonic acid). The degree of inhibition was found to depend on the pH of the solution and the lattice ion molar ratio, in addition to the degree of super-saturation and temperature.
In the present work, the influence of phosphoric acid, phosphates and polyphosphates , upon the rate of precipitation of calcium sulfate dihydrate (gypsum) from super-saturated solutions, has been investigated using the constant composition method. This method is particularly useful at very low saturation [14] .
Materials & Methods
Super-saturated solutions of calcium sulfate were prepared in triply distilled deionized water, using reagent grade (J.T.Baker) chemicals. Seed crystals of calcium sulfate dihydrate were prepared similar to the crystals described [15] , by dropwise addition of equemolare volumes of calcium chloride and sodium sulfate solutions during the experiment were investigated by x-ray diffraction and by scanning electron microscopy.
Results & Discussion
The concentrations of ionic species in the solutions were calculated from mass-balance and electro-neutrality expressions as described previously [16] , by successive approximation for, I, the ionic strength, using the thermodynamic equilibrium constant, K, for the various associated species. Activity coefficients were calculated from the extended form of the Debye-Huckel equation
proposed by Davies [17] .
The relative super-saturation, σ , may be expressed by : 
S is proportional to the number of growth sites available on the seed crystals surface and n is the effective order of reaction. In general, the rates of precipitation and dissolution of alkaline-earth metal salts are markedly inhibited by the addition of certain additives [18] [19] [20] [21] [22] . Experiments in the presence of Na 2 HPO 4 , NaH 2 PO 4 and H 3 PO 4 summarized in Table The adsorption, affinity constant, K L , given by the inverse slop of the lines in Fig.3 respectively, compared to that in pure solution at the same relative super-saturation. Fig. 1, shows that the rate of precipitation of gypsum decreases with successive addition of additives. Table 1 and 
Conclusion
The analysis of the results shows that the presence of some phosphates and polyphosphates at low concentrations can inhibit the precipitation rate of gypsum. The inhibitory effect of these additives may be explained by adsorption of inhibitors at growth sites on the surface of gypsum crystals. The degree of inhibition may be depending on the concentration of inhibitors and degree of saturation.
Moreover, the complete inhibition of precipitation of gypsum was not observed in any concentration of these additives and degree of saturation.
According to the kinetic data, the effectiveness of the inhibitors follows the order: H 3 PO 4 > NaH 2 PO 4 > Na 2 HPO 4 > HMP > PYP.
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